The composition of an essential oil of thyme from Germany was analyzed by GC/FID and GC-MS. Thirty constituents were identified with thymol (49.6%), p-cymene (16.4%), γ-terpinene (8.0%), linalool (4.6%) and carvacrol (4.0%) as the main compounds. In addition, olfactory evaluations were made of the thyme sample, as well as correlations of odor-impressions of the single constituents with published data. A pleasant aroma, characteristic of thyme oils was determined, with some main and minor constituents as odor-active compounds.
The search for natural antioxidants that are to replace their synthetic counterparts is an important research issue in the pharmaceutical and food areas. The antioxidant properties of extracts from T. vulgaris have been already reported [3] ; the current study is aimed at the assessment of the antioxidant potential of thyme essential oil, comprising the phenolic components thymol and carvacrol, and our goal was to determine the chemical composition and the antioxidant activity of thyme essential oil.
The chemical composition of thyme oil was analyzed by means of GC/FID and GC-MS with the following result: Thirty constituents (in total 96.6% of the sample) were identified, with the major components being thymol (49.6%), p-cymene (16.4%), γterpinene (8.0%), linalool (4.6%), and carvacrol (4.0%) ( Table 1) .
Using published odor-attributes of the single constituents and comparing these with the odorimpression of the T. vulgaris oil, it can be seen that both the main and minor components are responsible for the characteristic aroma of this sample from Germany (Table 1) . In the DPPH test the ability of a compound to act as a donor of hydrogen atoms or electrons was measured spectrophotometrically. Hydroxyl radicals are generated in a reaction mixture containing ascorbate, hydrogen peroxide and iron III-EDTA at pH 7.4 and measured by their ability to degrade the sugar deoxyribose [4] . The addition of thyme oil to the reaction mixture protected deoxyribose from degradation by scavenging the highly reactive hydroxyl radicals (OH•) ( Figure 1 ). Experimental data suggested that thyme oil was a potent scavenger of OH•, competing with 2-deoxy-Dribose, and this scavenging effect improved with increases in concentration reaching 83.7% at 10 μg/mL; this exceeded the activities of thyme oil's major components thymol (80.4% inhibition of OH• at 1.0 μg/mL), and carvacrol (73.2% at 25.0 μg/mL) ( Figure 1 ). Substantially weaker was the antioxidant activity of quercetin (77.8% at 20 μg/mL). The four studied antioxidants were arranged by their antioxidant effect (expressed as IC 50 ) in descending order as follows: thymol -0.23 µg/mL (R 2 = 0.982), thyme oil -2.88 µg/mL (R 2 = 0.999), quercetin -4.61 µg/mL (R 2 = 0.834), and carvacrol -8.00 µg/mL (R 2 = 0.987). The same analytical method could also be applied for studying the inhibitory power of thyme oil against the metal ion-dependant generation of OH•, and not only for assaying its ability to capture already formed radicals.
When Fe 3+ ions are added to the reaction mixture as FeCl 3 instead of EDTA complex, some of the iron ions form a complex with deoxyribose. The Fe 3+ may be subsequently reduced by ascorbate to Fe 2+ , which in its turn may remain bound to deoxyribose and further react with H 2 O 2 . The reaction generates the necessary OH• that immediately trigger the degradation of deoxyribose in a site-specific manner.
Only molecules that are able to chelate Fe ions and make them inactive may inhibit the degradation of deoxyribose. Figure 1 (without EDTA) shows that thyme oil, thymol, carvacrol and quercetin are scavengers of OH• and manifest chelative properties, most strongly expressed in the case of thymol. Like The parallel between the scavenging activities of thyme oil with respect to the two radicals, revealed that the oil had higher scavenging activity towards the OH• radicals (IC 50 value for OH• was 2.88 µg/mL as opposed to IC 50 = 41.4 μg/mL for the DPPH radicals). The difference is most probably due to variations in the mechanisms for the neutralization of the two radicals.
Superoxide is biologically important since it can be decomposed to form stronger oxidative species such as singlet oxygen and hydroxyl radicals [5] . Superoxide anions indirectly initiate lipid oxidation as a result of superoxide and hydrogen peroxide, serving as precursors of singlet oxygen and hydroxyl radicals [6] . Xanthine-xanthine oxidase is the system which is often used as a generator of superoxide radicals.
The superoxide anion scavenging activity of thyme oil and BHT is presented in Table 3 . The reduction in the optical density at 560 nm in the presence of antioxidants suggested that superoxide radical scavenging had occurred, and the introduction of thyme oil in the reaction mixture achieved 76.9% inhibition, which exceeded the scavenging activity of the synthetic antioxidant. Superoxide dismutase at a concentration of 100 U/mL and an inhibiting effect of 77.8% was used as a standard.
Thyme oil, carvacrol and thymol did not reveal inhibitory effects towards xanthine oxidase under the conditions of the study.
In order to assess the inhibitory action of thyme oil on lipid peroxidation, a model system comprised of linoleic acid emulsion was applied. The antioxidant capacity was characterized by studying the inhibitory effect at the early stages of linoleic acid autoxidation, as well as after the generation of secondary oxidized products, expressed in terms of malonaldehyde. Two indicators were regarded, corresponding to the different stages of lipid peroxidation, conjugated dienes formation and thiobarbituric acid reactive substances (TBARS). The influence of thyme oil on lipid peroxidation was assayed at 37°C.
The results from our study revealed a concentration dependency of the antioxidant activity of thyme oil.
With an increase in concentration from 0.01% to 0.05% the inhibitory effect on lipid peroxidation intensified for the entire study period (Figure 2A) . The peroxidation of linoleic acid was most pronounced on the fifth day of incubation, as indicated by conjugated dienes formation. At the specified moment of incubation, thyme oil at 0.05% concentration produced 38.0% inhibition of the process, compared with 35.2% inhibition in the presence of 0.01% BHT. The most significant antioxidant effect on linoleic acid autoxidation was recorded on the eighth day of the study, when a concentration of 0.05% thyme oil produced an inhibitory effect of 59.5%, compared with 61.9% by 0.01% BHT. The inhibition of conjugated dienes formation with the weaker concentration of the oil used in the study (0.01%) was 57.1%.
In the case of the second indicator for the identification of secondary oxidized products from linoleic acid, TBARS, peak accumulation of malonaldehyde was detected, as above, on the fifth day of incubation ( Figure 2B ), i.e. the process ran in a manner almost analogous to the formation of conjugated dienes. The inhibitory effect of the antioxidants on the eighth day of the study peaked to 72.4% for thyme oil (0.05%) and 74.6% for BHT (0.01%). The weaker thyme oil concentration studied (0.01%) produced 68.6% inhibition of linoleic acid autoxidation on the eighth day.
Conclusion:
The essential oil of T. vulgaris from Germany possessed antiradical activity with respect to the OH• and DPPH radicals, being a better scavenger of OH• than of DPPH, and a more potent antioxidant than quercetin. Thyme oil also revealed chelative properties in regard to Fe 3+ , thus preventing the initiation of hydroxyl radicals. The essential oil of T. vulgaris from Germany demonstrated better scavenging activity towards the superoxide radical than the synthetic antioxidant BHT. The oil also inhibited conjugated dienes formation and the generation of secondary products from lipid peroxidation. The antioxidant properties of thyme oil established in this study constitute an important pharmacological asset of the oil, expanding the scope of its application as a natural food preservative, thus contributing to the enhancement of food quality.
Experimental

Sample:
The essential oil of Thymus vulgaris L. from Germany is a product from Kurt Kitzing Co., Wallerstein, Germany (number 800777, charge 11094).
The procedures used for GC analysis, GC-MS analysis and for evaluation of antioxidant effects including Statistical analysis are identical to those described by Stoilova et al. [7] .
